ABSTRACT. The purpose of this meta-analysis was to determine whether genetic variants of the interleukin-1β[+3954 C>T (rs1143634)] (IL-1β +3954 C>T) gene polymorphisms were associated with orthodontic external apical root resorption (EARR). A meta-analysis was carried out using data entered into the PubMed and Embase electronic databases before October 5, 2012. A total of 7 studies were identified for meta-analysis. The strength of the relationship between IL-1β +3954 C>T polymorphism and the risk of EARR was assessed using odds ratio (OR). The studies provided overall OR estimates for EARR. Overall, the variant genotypes (CC and CT) of the IL-1β +3954 C>T polymorphism were unassociated with EARR risk compared with Similarly, no associations were found in the dominant and recessive models (dominant model, OR = 1.08, recessive model, OR = 1.85,. No publication bias was found, and no association was apparent between the IL-1β +3954 C>T polymorphism and risk of EARR in orthodontic treatment patients. Further multicenter and better-controlled studies are required to confirm these findings.
INTRODUCTION
External apical root resorption (EARR) is an undesirable sequela of orthodontic treatment in some patients that results in the permanent loss of tooth structure from the root apex. The incidence of minor physiological root resorption is 86.4% in patients between the ages of 16 and 32 years and 96.4% in patients aged 32-50 years (Wehrbein et al., 1995) . A few extreme resorption phenomena have been documented that might have had detrimental consequences for the patients. No direct evidence existed for a genetic predisposition until a 1997 report by Harris et al. (1997) , who explored the hypothesis of genetic influence on EARR using a sibling-pair model. From then on, genetic predisposition for root resorption has been the subject of numerous investigations (Harris et al., 1997 , Al-Qawasmi et al., 2003a ,b, 2006 .
The first description of a genetic marker that identifies subjects who are more likely to have EARR was established by Al-Qawasmi et al. (2003a) , who identified an association between EARR during orthodontic treatment and the interleukin-1β[+3954 C>T (rs1143634)] (IL-1β +3954 C>T) [interleukin-1β +3954 previously described as interleukin-1β +3953 (López et al., 2005) ] gene polymorphisms. IL-1 has been frequently associated with inflammatory events in connective and bone tissues (Alhashimi, 2001) . Moreover, IL-1β has been characterized as a potent bone-resorptive cytokine and implicated as a key component of the complex pathways leading to root resorption .
Over the last decade, a number of case-control studies (Al-Qawasmi et al., 2003a; Bastos Lages et al., 2009; Gülden et al., 2009; Tomoyasu, 2009; Iglesias-Linares, 2012a,b; Linhartova, 2012) have been conducted to investigate the association between the IL-1β +3954 C>T polymorphism and EARR risk in orthodontic treatment patients. However, the results of these studies are conflicting. The purpose of this meta-analysis was to determine whether genetic variants of the IL1β + 3954gene polymorphisms are positively or negatively associated with a predisposition to post-orthodontic treatment EARR.
MATERIAL AND METHODS

Search strategy and selection criteria
We conducted a literature search in PubMed, Embase, and other resources (including records entered by October 2012) using the following key words: "external apical root resorption" or "EARR", "interleukin-1β" or "IL-1β", and "polymorphism" or "allele" or "genotype". No restriction was made on time-period, sample size, population, language or type of report, but conducted on human subject. All eligible articles were retrieved, and their references were checked for other relevant studies missed during electronic searching.
Inclusion and exclusion criteria
The following criteria were used to include published studies: 1) case-control studies evaluating associations between IL-1β +3954 C>T polymorphisms and EARR risk; 2) sufficient genotype data presented to calculate odds ratios (ORs) and 95% confidence intervals (95%CIs); and 3) clear description of EARR and the sources of cases and controls. Major reasons for exclusion of studies were 1) review, or editorial, or comment; 2) insufficient data; and 3) duplication.
Data extraction and study design
We extracted the following information from the included studies: first author, year of publication, number of cases and controls, and genotype frequency of cases and controls. Two investigators independently reviewed all the articles, and the data were checked by other investigators. To ensure the accuracy of extracted information, 2 investigators blinded to the identity information of the studies judged inclusion and exclusion.
Statistical analysis
The strength of the association between EARR and the IL-1β +3954 C>T polymorphism was estimated using ORs with the corresponding 95%CIs. The pooled ORs were obtained using a co-dominant model (CC vs TT, CT vs TT), a dominant model (CC + CT vs TT), and a recessive model (CC vs CT + TT).
The maxillary central incisors have the highest heritability estimates (h 2 = 79%) of all teeth examined (Harris et al., 1997) and are at the greatest risk for EARR (Newman, 1975; Al-Qawasmi et al., 2003a) . Tomoyasu et al. (2009) provided the apical root resorption of maxillary incisor, mandibular incisor, mandibular mesial molar, and mandibular distal molar values for this study. We calculated only the OR of maxillary incisor apical root resorption for the meta-analysis. Both Cochran's Q statistic (Cochran, 1954) to test for heterogeneity and the I 2 statistic to quantify the proportion of total variation due to heterogeneity (Higgins et al., 2003) were calculated. A P value of more than 0.10 for the Q statistic or an I 2 less than 50% indicated a lack of heterogeneity across studies, allowing for the use of a fixed-effects model [MantelHaenszel method (Mantel and Haenszel, 1959) ]; otherwise, we used the random-effects model [DerSimonian and Laird method (DerSimonian and Laird, 1986) ].
To investigate more thoroughly the possible sources of between-study heterogeneity, we applied subgroup and sensitivity analyses when heterogeneity was observed. Publication bias was investigated with a funnel plot; an asymmetric plot suggested possible bias. In addition, funnel plot asymmetry was assessed using the method of Begg's (Begg and Mazumdar, 1994 ) and Egger's test (Egger et al., 1997) . P values of <0.05 and >0.05 indicated publication bias or no bias, respectively.
Statistical analyses were performed with SPSS version 13.0 (SPSS Inc., Chicago, IL, USA) and STATA (version 9.0). All P values were 2-sided. To ensure the reliability and accuracy of the results, 2 authors uploaded the data.
RESULTS
Characteristics of included studies
We identified 17 relevant studies after searching the databases: PubMed (N = 8), Embase (N = 7), and other sources (N = 2). A total of 15 potentially eligible studies were identified for detailed evaluation (Figure 1 ). According to the exclusion criteria, 8 publications were excluded, including 5 publications containing overlapping data, 2 publications with inadequate data, and 1 publication that was a review. We included 7 individual case-control studies. Table  1 C = cytosine; CC = homozygous subjects with cytosine in both alleles; CT = heterozygous subjects with cytosine in 1 allele and thymine in the other; T = thymine; TT = homozygous subjects with thymine in both alleles. OR = odds ratio; 95%CI = 95% confidence interval. 
Meta-analysis results
Heterogeneity and sensitivity analyses
Heterogeneity was found among studies in homozygote or heterozygote comparisons (CC vs TT or CT vs TT) and dominant or recessive models. We did not conduct a subgroup analysis because the co-dominant and dominant models had only 3 studies. We conducted a sensitivity analysis of the influence of each study on the pooled OR by repeating the metaanalysis omitting 1 study each time. No matter which study was omitted, the heterogeneity remained.
Publication bias
The funnel plot and Begg's and Egger's tests were performed to evaluate publication bias in the EARR literature. 
DISCUSSION
The meta-analysis included 577 participants from 7 case-control studies and explored the association between the IL-1β +3954 C>T polymorphism and EARR risk. To our knowledge, this meta-analysis was the first comprehensive assessment of the relationship between IL-1β +3954 C>T and EARR risk. Overall, we found no significant association between the IL-1β +3954 C>T polymorphism and EARR susceptibility among orthodontic treatment patients. We identified several reasons for this lack of association. First, the included studies had small sample sizes, with all but 1 study by Al-Qawasmi et al. (2003a) including more than 100 participants. Second, the frequency distribution of the gene polymorphisms was significantly different among different ethnic groups. For example, the frequency of the TT genotype ranged from null in the Asian group to 32.8% in the South American group. The variation in genotype frequency among ethnic groups may contribute to the lack of a significant association overall. Third, some confounding factors -such as length of treatment, sex, and use of extractions -that may affect have affected the incidence of EARR were not recognized or taken into account, which may have led to inaccurate results.
Our analysis showed that the IL-1β +3954 C>T polymorphism remains an inadequate marker for EARR susceptibility. Multiple pathways may be involved in root resorption and function as a complex (James Jr., 2008) . Viecilli et al. (2009) have found that upstream P2X purinoceptor 7 reinforces IL-1β and EARR risk. In addition to the effect of IL-1β on bone turnover and the local effect of tooth root strain increasing root resorption , P2RX7 may also mediate the resolution of inflammation through IL-β via macrophage recruitment so that inflammation does not become chronic.
Though no association between the IL-1β +3954 C>T polymorphism and the risk of EARR was found, evidence from animal studies Shornick et al., 1996) have shown that the IL-1β +3954 C>T polymorphism is positively related to EARR. In a study by Al-Qawasmi et al. (2004) 33 male mice of the wild-type strain (C57BL/6J,+/+) and the IL-1β knockout were divided into control or treatment groups. The number of control (C) or treated (T) mice per group were as follows: wild-type (C = 7, T = 8) and knockout (C = 8, T = 10). Both groups were fed a diet of finely milled mouse chow ad libitum to minimize discomfort and appliance distortion. No differences in MRR were found between the untreated wild-type and knockout mice. Results showed a significant difference in both the wild-type and knockout animals with treatment compared with controls. A significant difference occurred between treated wild-type and treated knockout mice, with the knockout mice having approximately 3 times the percent MRR of that in the treated wild-type mice.
In a human study, Pociot et al. (1992) found that allele C at the IL-1β gene, known to decrease IL-1 cytokine production in vivo (di Giovine et al., 1995) , resulted in low IL-1 production that caused relatively less catabolic bone modeling in the cortical bone interface of the periodontal ligament (PDL) owing to a decreased number of osteoclasts associated with lower levels of this cytokine. Inhibition of bone resorption in the direction of tooth movement maintains prolonged dynamic loading on tooth roots adjacent to the compressed PDL, causing more root resorption owing to fatigue failure of the root. In cases of high IL-1 production associated with allele 2, compressed PDL space is restored by resorption of the bone interface of the PDL, resulting in only mild root resorption that is controlled by cementum healing.
Al- Qawasmi et al. (2003a) have reported that subjects with the CC genotype at IL-1β have, on average, 1.3 mm greater EARR than that of subjects with either the CT or TT genotypes. This difference between the genotype groups was highly significant (P < 0.001) and accounted for approximately 15% of the total variation in EARR. The transmission of the CC haplotype from parent to child was associated, on average, with 1 mm more EARR than that associated with the transmission of the TT haplotype. By contrast, the transmission of haplo-types that include allele 2 of the IL-1β ge1ne decreases susceptibility to EARR with a 2-fold increase in resistance if the haplotype includes allele 2 for the IL-1α marker (Al-Qawasmi et al., 2003a) .
Advantages and limitations
Our meta-analysis had some advantages. First, no publication bias was detected, indicating that the whole pooled result may be publication unbiased. Second, this meta-analysis is the first description of a genetic marker that identifies people susceptible to EARR before beginning orthodontic treatment. Third, substantial numbers of cases and controls were pooled from various studies, which significantly increased the statistical power of the analysis.
This meta-analysis also had some limitations. First, different studies used different EARR measurements, such as panoramic radiographs and lateral cephalograms. Different radiographs have different precision for measuring EARR and may decrease the precision of the outcome of analyses. Another limitation of this analysis is the lack of original data, which resulted in the exclusion of factors such as age and inflammation, which may modify the risk estimates, as reported in previous publications. Thus, further studies with better confounding factor adjustments are needed. Third, meta-analysis is a type of retrospective study, and recall and selection bias might exist.
The IL-1β +3954 C>T polymorphism is unassociated with susceptibility to EARR. Nevertheless, IL-1β +3954 may be a promising gene for predicting EARR in orthodontic patients, and multicenter and better-controlled studies are required.
